Purpose: Renal ultrasonography has been widely used in children with renal disease. However, the relationship of renal echogenicity with renal pathology and function in children is not well known. Method: Ultrasound examination was performed in 75 patients undergoing renal biopsy for suspected renal disease in Konkuk University Medical Center from August 2005 to November 2015. We compared renal echogenicity to pathologic findings and renal function. Renal echogenicity was scored as 0 to 2 by comparing adjacent liver echogenicity. Three histologic characteristics were evaluated: glomerular changes, interstitial infiltration or fibrosis, and tubular atrophy. These were graded as 0 to 3, according to increasing severity. Laboratory results included urine albumin excretion and estimated glomerular filtration rate (eGFR). Results: Among pathologic findings, renal echogenicity revealed a positive correlation with interstitial infiltration or fibrosis (r=0.259, P=0.025), and with tubular atrophy (r=0.268, P=0.02). Renal echogenicity and glomerular changes were not correlated . Renal echogenicity showed a positive correlation with microalbuminuria (r=0.283, P=0.014), but a negative correlation with eGFR (r=-0.352, P=0.002). Conclusion: Increased renal echogenicity suggested severe interstitial infiltration or fibrosis and tubular atrophy among the pathologic findings. Moreover, increased echogenicity is correlated with increased urine albumin excretion and decreased eGFR. Echogenicity on ultrasonography is useful for determining the status of renal pathology and function.
Introduction
Kidneys had four contents; the glomerulus, the tubules, the interstitium and the vessels. Depending on the type of renal diseases, one content was changed or all contents were changed. However, all contents were changed as diseases were progressed, so at the end stage, it was difficult to know the origin of all contents 1) . If a biopsy was done before the disease progresses, we could diag nose the disease and know where the damage part is. However, a biopsy was invasive, so it was performed only when indication was matched.
Ultrasonography has been widely used to evaluate the condition of the kid neys in patients with renal diseases 2) . Sonography provides the information about length, contour, and the relative echogenicity and pattern of the cortex and medulla 3) . Sonography shows not only anatomic infor mation but also the boundary between tissue organization and it suggests the pathologic condition of an organ 4) . More over, sonography is noninvasive and does not use ionizing radiation 5) . In children, it does not require sedation. There fore, it is useful to evaluate the con dition of kidneys and diagnose renal diseases, especially in children.
Increased renal parenchymal echogenicity would be used as a predictor of decreased renal function 6) . However, renal ultrasound results could be changed according to the tester. To get over this limitation, the kidney compared with the liver or the spleen, and close relationships between renal echogenicity and renal pathology or laboratory exam were reported 3, 7, 8) . Nevertheless, it is not enough to use as a diag nostic discriminator alone, so sometimes renal biopsy is needed to diagnose the renal diseases more specifically. At present, the condition of kidneys is reflected through renal biopsy, but it is invasive and it would lead to complications such as anuria, inflammation and bleeding. If we can pre dict the condition of kidney by ultrasonography, it will be helpful to diagnose and treat the patient.
We aimed to evaluate the relationship between renal echogenicity and histopathologic changes in children with renal disease. Furthermore, we also explored relationship between renal echogenicity and renal function.
Materials and methods
We retrospectively studied children who had renal sono graphy and renal biopsy in Konkuk University Medical Center from August 2005 to November 2015 to correlate renal echogenicity and renal histopathology. Indication for kidney biopsy was the patient with steroid resistant neph rotic syndrome, persistent proteinuria and hematuria over 6 months, acute renal failure, and decreased renal function. We included children between 3 and 18 years old. They did not receive treatment before the examination except two nephrotic syndrome children. They had steroid treatment. Children who had renal sonography after renal biopsy were excluded. Patients who had hepatic disease based on clinical and laboratory findings were excluded. Out of 86 patents who had both examinations, 75 patients met our criteria, and were reviewed retrospectively. Also, technically ade quate sonograms and adequate biopsy specimens were eva luated independently.
All sonographic examinations were obtained with a 1.5 or 5.8 MHz convex transducer by one radiologist. Gains were altered to optimized imaging by a radiologist. Renal echogenicity was graded from 0 to 2 by comparing renal echogenicity to the adjacent liver echogenicity; grade 0: the renal echogenicity was less than that of the liver; grade 1: the renal echogenicity equaled that of the liver; grade 2: the renal echogenicity was greater than that of the liver (Fig. 1) . One radiologist classified the grade of renal echogenicity without the knowledge of clinical, laboratory findings and biopsy results.
In all patients, sonographically guided renal biopsies were gained from the left kidney using a TSK acecut biopsy needle by the operator. Two pathologists evaluated the pa thologic findings and classified the results. Three histologic characteristics were evaluated: glomerular alteration, inter stitial infiltration or fibrosis and tubular atrophy, which were measured from 0 to 3 dependent on the increasing severity ( Table 2 ). Vascular alterations were not considered because those in all pathologic findings were not specific. Glomerular alteration was graded from 0 to 3; grade 0: no change, grade 1: minimal change, grade 2: <50% glomerular obsolescence, grade 3: >50% glomerular obsolescence. In terstitial infiltration or fibrosis was graded from 0 to 3; grade 0: no change, grade 1: minimal cellular infiltration or fibrosis, grade 2: moderate cellular infiltration or fibrosis, grade 3: marked or severe cellular infiltration or fibrosis. Tubular atrophy was graded from 0 to 3; grade 0: no change, grade 1: minimal, grade 2: focal atrophy, grade 3: marked or severe atrophy.
The laboratory examinations included serum creatinine level, urine albumin creatinine ratio (mg/g), and urinalysis. The estimated glomerular filtration rate (eGFR) was calcu lated based on bedside Schwartz formula: 0.413×height (cm)/serum creatinine (mg/g) 9) . Random voided urine was collected for determination of albuminuria and hematuria. Albuminuria was graded from 0 to 2; grade 0: normal de fined as a urinary albumin excretion lower than 30 mg/g creatinine, grade 1: microalbuminuria defined as a urinary albumin excretion of 30300 mg/g creatinine, grade 2: ma croalbuminuria defined as a urinary albumin excretion higher than 300 mg/g creatinine. Hematuria was graded from 0 to 2; grade 0: 0 to 4 red blood cells per highpower field of urine sediment, grade 1: 5 to 49 red blood cells per highpower field of urine sediment, grade 2: 50 and over red blood cells per highpower field of urine sediment. Renal echogenicity was correlated with the estimated se verity of disease (microalbumin in urine, blood in urine), and pathologic criteria.
Data are expressed as numbers (percentages) for catego rical variables, and as mean for continuous variables. SPSS software, version 23.0 was used. Spearman correlation co efficients were used to examine relationships between grade of renal echogenicity and grade of renal pathology, albumi nuria, hematuria. Pearson correlation analyses were per formed to analyze the eGFR for grade of renal echogenicity. Fisher`s exact test was used to analyze relationship between renal echogenicity and eGFR of the normal group and the abnormal group. Pvalues <0.05 and <0.1 were considered statistically significant.
Results
Baseline characteristics are shown in Table 1 . Total 75 patients were enrolled in this study. They were 3 years to 18 years old (mean age 12.0 years of age). Mean eGFR was 91.99 mL/min/1.73m
2 . There were 39 males and 36 females.
All patients had abnormal laboratory findings and clinical symptoms about renal diseases. They had no hepatic dis eases based on clinical and laboratory findings. Renal echogenicity was considered grade 0 in 33 patients, grade 1 in 38 patients, and grade 2 in 4 patients. Albuminuria was considered grade 0 in 44 patients, grade 1 in 28 patients, and grade 2 in 3 patients. Hematuria was considered grade 0 in 23 patients, grade 1 in 35 patients, and grade 2 in 17 patients ( Table 1 ). The renal diseases of patients were IgA nephropathy (N= 16), thin basement membrane disease (N=14), mesan gial proliferative glomerulonephritis (N=8), acute postinfec tious glomerulonephritis (N=4), focal segmental glomeru losclerosis (N=2), membranous glomerulonephritis (N=2), membranoproliferative glomerulonephritis (N=2), Henoch Scheonlein Purpura nephritis (N=2), acute interstitial ne phritis (N=2), lupus nephritis (N=1), mild focal nonspecific glomerulonephritis (N=1), thickening of glomerular capil lary basement membrane (N=1), tubular cell injury (N=1), and minor change (N=19). Patients with minor change also had renal biopsy because they had proteinuria or micro scopic hematuria more than 6 months.
Data of three histologic parameters (glomerular altera tion, interstitial infiltration or fibrosis, and tubular atrophy) was presented in Table 2 . In glomerular alteration, 33 pati ents showed grade 0 in renal echogenicity. Among them, 48.4% patients showed glomerular alteration although they have no change of echogenicity. Among 38 patients in grade (Table 2) . Renal echogenicity showed a positive correlation with interstitial infiltration or fibrosis (r=0.259, P=0.025), and tubular atrophy (r=0.268, P=0.020). There was no signifi cant relationship between renal echogenicity and glome rular alteration (Table 3) .
A negative correlation was found between renal echo genicity and eGFR (P=0.002). A positive correlation was found between renal echogenicity and albuminuria (P= 0.014). No correlation was found between hematuria and renal echogenicity (Table 3) .
Also, we examined the relationship between renal echo genicity and eGFR of the normal group and the abnormal group. Normal eGFR has been known to be 79187 mL/ min/1.73m 2 in 212 years old children and 82170 mL/min/ 1.73m 2 in 1321 years old children 10) . Pvalue was 0.005, so renal echogenicity was associated with eGFR of the normal group and the abnormal group.
Most common diseases in this study were IgA nephro pathy (N=16), thin basement membrane disease (N=14), and mesangial proliferative glomerulonephritis (N=8). Among these groups, we evaluated relationship of renal echogenicity with renal pathology and renal function re spectively, and no correlation was found.
We examined relationship of renal echogenicity with renal pathology and renal function in whole patients except patients with minor change. Renal echogenicity showed a positive correlation with glomerular alteration (r=0.265, P=0.049), interstitial infiltration or fibrosis (r=0.260, P= 0.053), and tubular atrophy (r=0.263, P=0.050). A negative correlation was found between renal echogenicity and eGFR (r=0.311, P=0.020). There was a positive correlation between renal echogenicity and albuminuria (r=0.338, P= 0.011). As in the previous results, there was no correlation between hematuria and renal echogenicity.
In the case of glomerular diseases, the components of the glomerular occupied about 8% of the renal parenchyma and there might be no significant change in the renal echo genicity. However, as the disease progresses, histopathologic parenchymal elements changed, so renal echogenicity be came increased. In the tubulointerstitial diseases, echoge nicity of medulla was increased. In nephrotic syndrome, there was no change, or parenchymal echogenicity was increased.
A sensitivity of 58%, 72%, 72% and a specificity of 52%, 50%, 50% for finding glomerular alteration, interstitial infiltration or fibrosis, Tubular atrophy, retrospectively, have been reported in renal echogenicity.
Discussion
Ultrasonography is the most commonly used imaging tool in kidney disease. We evaluated the relationship of sonographic findings, especially echogenicity with patho logic parameters and renal function. There were a positive correlation of interstitial infiltration or fibrosis and tubular atrophy with echogenicity. Also, kidney echogenicity had the negative correlation with eGFR and the positive corre lation with albuminuria.
Renal cortex was hypoechogenic as comparing to the liver or the spleen in healthy children and adults 11) . The www.chikd.org mechanism of increased renal echogenicity was induced by increased perfusion because of the change of cell infilt ration and fibrous remodeling 12) . Therefore, isoechogenic renal echogenicity with liver or spleen echogenicity would suggest renal disease 12) . There were several studies to evaluate the status of the kidney through echogenicity 3, 7, 8) . However, the results were inconsistent. Hricak et al. 8) observed that echogenicity was positively correlated with histologically glomerular changes. Meanwhile, the other studies reported the positive correla tion of increased echogenicity with interstitial changes. However, there was no definite relation between echogeni city and glomerular lesions 7, 13) . From Moghazi et al. 14) renal echogenicity was related to severity of tubular atrophy and interstitial inflammation. Brenbridge et al. 3) suggested that renal echogenicity correlated with interstitial infiltration, glomerular disease and tubular atrophy in children. In this study, we know that there was no correlation between glo merular changes on biopsy and the sonographic results. However, there was correlation between interstitial changes and tubular atrophy on biopsy and the echogenicity. This matched that the anatomy of the cortex formed with inter stitial tissue and tubules mostly 7) . However, in the patients excluding patients with minor change, glomerular altera tion was correlated with renal echogenicity. As the disease progresses, the kidney tissues changed among glomerulus, interstitium and vessels, so renal echogenicity was in creased 2) . Some studies demonstrated that increased renal paren chymal echogenicity would be used as a predictor of de creased renal function 6) . The increased right kidneyliver echogenicity ratio showed a close relationship with de creased GFR in children 15) . There was important correlation between cortical echogenicity and blood urea nitrogen and creatinine concentrations 8) . In this study, there was nega tive correlation between renal echogenicity and eGFR.
There were few studies about relationship between renal sonography, pathology and function in children. In this study, we evaluated children among 3 years to 18 years old. Moreover, the findings of renal sonography were evaluated with not only the results of renal pathology but also eGFR, urine albumin excretion and hematuria. So it is meaningful in pediatric nephrology.
This study had several limitations. First, hydration of pa tients was not controlled. Renal echogenicity was effected by hydration in children 16) . Han and Babcock 12) reported that renal cortex was isoechogenic from neonates to 6 months of age. Therefore, from 7 months isoechogenic renal echogenicity would suggest renal parenchymal dis ease 12) . However, after hydration, renal echogenicity could be increased because renal tubules were expended 17, 18) .
Therefore, standardization of hydration would lead to better result before renal ultrasonography. Second, the number of participated children was small. Furthermore, most children show normal or minimal change in the test of sonography and biopsy. This is the report about correlation of renal echogenicity with renal histopathology, eGFR, albumin in urine, and hematuria in pediatric patients. Interstitial infiltration or fibrosis and tubular atrophy are correlated with renal echo genicity. Also, high urine albumin excretion, low eGFR were related to renal echogenicity. Based on this study, if you look at the ultrasound of patients with pediatric renal diseases, you can predict the histological changes of inter stitum and tubule, and infer the function of the kidneys. More studies are needed to predict parenchymal disease by sonographic discriminator.
